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Natural Molecule to Boost the Performance of Electrodes for Rechargeable Batteries
Lab tests show that a novel material based on the organic porphyrin molecule allows to charge
batteries within one single minute
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Vorspann
The porphyrin molecule – used in electrodes – speeds up the charging process of batteries in the lab. (Source: KIT/HIU)

Chlorophyll, blood, and vitamin B12 are all based on the porphyrin molecule. But porphyrin can also be used as an electrode
material where it speeds up the charging process of rechargeable batteries. In the “Angewandte Chemie International Edition”
journal, researchers from KIT now present the new material system that could mark the beginning of an era of high-performance
energy storage and supercapacitors.
Currently, the most widely used battery technology is based on lithium
ions. No other rechargeable storage device for electric energy has
comparable application properties. Thus, lithium ion batteries are currently indispensable for devices such as laptops, smartphones, or
cameras, even though improved properties such as quick-charging
would be desirable. Many materials that improve the properties of lithium ion batteries in the lab, however, are no sustainable options because they are rare, expensive, toxic or harmful to the environment.
Ideally, high-performance energy storage materials would be based
on renewable resources.
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An interdisciplinary research group headed by Professor Maximilian
Fichtner of Helmholtz Institute Ulm, founded and organized by KIT,
and Professor Mario Ruben from the KIT Institute of Nanotechnology,
now presents a new energy storage material that allows a very fast
and reversible inclusion of lithium ions. For this purpose, functional
groups were added to the organic copper porphyrin molecule that produce structural and electro-conductive crosslinking of the material
when the battery cell is charged for the first time. This significantly
stabilizes the structure of the electrode in lab tests and allows several
thousands of charge-discharge cycles.
With this material, storage capacities of 130-170 milliamp-hours per
gram (mAh/g) were measured in the lab – at a medium voltage of
3 Volt – and charging-discharging times of only one minute. Current
experiments suggest that the storage capacity can be increased by
another 100 mAh/g and that the storage system can be operated not
only with lithium, but also with the much more abundant sodium.
“Porphyrins occur very often in nature and are the basic constituents
of chlorophyll, of human and animal blood pigment (hemoglobin), and
of vitamin B12,” Fichtner explains. Technical variants of these materials are already in use, e.g. for blue-colored toner in laser printers or
for car paint. By bonding functional groups to porphyrin, the scientists
succeeded to leverage its specific properties in electrochemical electric storage systems for the first time. “The storage properties are exceptional because the material has the storage capacity of a battery,
but works as fast as a supercapacitor,” Fichtner says.
P. Gao, Z. Chen, Zh. Zhao-Karger, J.E. Mueller, Ch. Jung, S. Klyatskaya, T. Diemant, O. Fuhr, T. Jacob, J. Behm, M. Ruben, M. Fichtner,
Porphyrin complex as self-conditioned electrode material for high performance energy storage, Angew. Chemie Int. Ed. (2017)
doi:10.1002/ange.201702805
About the Helmholtz Institute Ulm (HIU) of KIT
The HIU was established in January 2011 by KIT, member of the
Helmholtz Association, in cooperation with Ulm University. With the
German Aerospace Center (DLR) and the Center for Solar Energy
and Hydrogen Research Baden-Württemberg (ZSW), two other renowned institutions are involved in the HIU as associated partners.
The international team of about 110 scientists at HIU works on the
further development of the fundamentals of viable energy storage
systems for stationary and mobile use.
Find more information on the HIU here:
http://www.hiu-batteries.de
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More about the KIT Energy Center: http://www.energie.kit.edu

Karlsruhe Institute of Technology (KIT) pools its three core tasks
of research, higher education, and innovation in a mission. With
about 9,300 employees and 25,000 students, KIT is one of the big
institutions of research and higher education in natural sciences
and engineering in Europe.
KIT – The Research University in the Helmholtz Association

Since 2010, the KIT has been certified as a family-friendly university.
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mail to presse@kit.edu or phone +49 721 608-4 7414. The photo may
be used in the context given above exclusively.
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